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University of Groningen, University Medical Center GroningenAnhedonia is a major public health concern and has proven
particularly difficult to counteract. It has been hypothesized
that anhedonia can be deterred by engagement in rewarding
social and physical events. The aims of the present study
were to examine (1) the effects of personalized lifestyle
advice based on observed individual patterns of lifestyle
factors and experienced pleasure in anhedonic young adults;
and (2) whether a tandem skydive can enhance the moti-
vation to carry out the recommended lifestyle changes.
Participants (N = 69;Mage = 21.5, SD = 2.0; 79.7% female)
were selected through an online screening survey among
young adults. Inclusion criteria were persistent anhedonia
and willingness to perform a tandem skydive. Participants
filled out questionnaires on their smartphones for 2 con-
secutive months (3 times per day). After the first month, theyResearch reported in this publication was supported by a Vici
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Published by Elsevier Ltd. All rights reserved.were randomly assigned to one of three groups: (1) no
intervention, (2) lifestyle advice, and (3) lifestyle advice and
tandem skydive. The momentary questionnaire data were
analyzed using interrupted time series analyses (ITSA) in
a multilevel model and monthly pleasure and depression
questionnaires by repeated measures ANOVA. No group
differences were found in monthly depression and pleasure
scores, but the momentary data showed higher positive
affect (PA) and pleasure ratings in the month following
the intervention in the two intervention groups than in the
control group. The tandem skydive did not have any effects
above the effects of the lifestyle advice. Our results indicate
that providing personalized lifestyle advice to anhedonic
young adults can be an effective way to increase PA and
pleasure.
Keywords: loss of pleasure; anhedonia; ecological momentary
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ANHEDONIA IS DEFINED AS diminished interest or
pleasure in activities that were experienced as
pleasurable before (i.e., a loss of pleasure; American
Psychiatric Association, 2013). Anhedonia is com-
mon among adolescents and young adults and has
debilitating consequences, such as a longer and more
severe course of depression (Wilcox & Anthony,
2004) and increased risk for suicide (Nock&Kazdin,
2002). Anhedonia can have particularly negative
consequences in young adulthood (Gabbay et al.,
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a period in which life course decisions are made
based on what is satisfying or enjoyable. Despite
its detrimental effects, anhedonia has proven par-
ticularly difficult to treat (Fusar-Poli et al., 2015;
Treadway & Zald, 2011; Wykes, Steel, Everitt, &
Tarrier, 2008) and is the symptom that often remains
when other symptoms have disappeared (Gutkovich
et al., 2010). Further, there is a lack of treatments
targeting anhedonia specifically. Hence, there is a
need for effective interventions to help anhedonic
individuals regain pleasure. In the present study, we
aimed to explore whether anhedonia can be deterred
by providing anhedonic young adults with person-
alized lifestyle advice.
Anhedonia is a transdiagnostic symptom that
is present in multiple diagnostic categories, such
as depression, bipolar disorder, and schizophrenia
(American Psychiatric Association, 2013). The few
studies that have examined interventions to reduce
anhedonia so far have focused particularly on indi-
viduals with schizophrenia (Favrod et al., 2015;
Favrod, Giuliani, Ernst, & Bonsack, 2010) or de-
pression (Kramer et al., 2014). To our knowledge,
two interventions have been developed to target
anhedonia in schizophrenic patients: theAnticipatory
Pleasure Skills Training (APST; Favrod et al., 2010)
and thePositive Emotions Program for Schizophrenia
(PEPS; Favrod et al., 2015). APST is a cognitive-
sensory intervention aimed at increasing anticipatory
pleasure, which consists of 10–25 hours of training.
PEPS is a group therapy consisting of eight 1-hour
sessions, focused on increasing the anticipation and
maintenance of positive emotions. Both interventions
have shown positive results in small samples (N = 5
for APST; N = 31 for PEPS), but have not yet been
tested in randomized controlled trials (RCT). For
depression, treatment often starts with behavioral
activation (BA) treatment (Kanter et al., 2010) to
stimulate depressed patients to participate in reward-
ing activities. In BA, the therapist and patient decide
together which activities are experienced as pleasur-
able, and the patient is stimulated to set goals to
reengage in these pleasurable activities. BA has been
found to be effective in reducing depressive symp-
toms (Cuijpers, van Straten, & Warmerdam, 2007)
and in reducing depressive symptoms and manic
symptoms in bipolar disorder in a first explorative
study (Weinstock,Melvin,Munroe,&Miller, 2016).
These interventions are all fairly time-consuming,
in that they consist of multiple sessions and require
a trained psychologist to deliver the interventions.
Furthermore, although activity scheduling is part
of BA treatments and the PEPS intervention, these
treatments lack a thorough and objective analysis
of pleasurable experiences. This is important, asanhedonia is characterized by difficulties recalling
pleasurable experiences (Lepage, Sergerie, Pelletier,
& Harvey, 2007), and therefore, anhedonic indi-
viduals may not be able to recall all activities that
they enjoy.
Because of rapid technological developments, it
is now possible to overcome these issues by using
momentary assessments to provide individuals with
insight in their daily life emotions and activities
(Myin-Germeys, Klippel, Steinhart, & Reininghaus,
2016; Wichers et al., 2011). A main advantage
of momentary assessments is their high ecological
validity, as participants report on their mood and
activities while they are living their daily lives (Myin-
Germeys et al., 2009). Up to now, only one study has
used momentary assessments to provide depressed
individuals with personalized feedback on the situ-
ations in which they experience positive affect (PA)
(Kramer et al., 2014). In this study, participants
received weekly reports that showed how much
PA they experienced in different contexts and during
different activities. Importantly, no concrete advice
was provided to participants, and the presented
feedbackwas purely descriptive (i.e., the associations
were not tested). Although no direct effects were
found onmomentary ratings of PA (Hartmann et al.,
2015), individuals receiving the personalized feed-
back did decrease more in depressive symptoms on
follow-up assessments than individuals who did not
receive the feedback (Kramer et al., 2014). The
authors did not explore how the personalized feed-
back affected anhedonia specifically. Whereas these
results are very promising, the intervention could
be taken one step further, by not only showing
participants in which situations and environments
they experienced PA, as Kramer et al. (2014) did,
but also providing concrete suggestions regarding
how they could change their lifestyle. In the present
study, we aim to provide anhedonic young adults
with personalized advice on which lifestyle factors
(e.g., physical exercise) they can change to experience
more pleasure, based onobserved individual patterns
of lifestyle factors and experienced pleasure.
However, even when tailor-made and concrete,
lifestyle changes are likely hard to accomplish for
anhedonic individuals, as anhedonia is often char-
acterized by a lack of drive to pursue rewarding
activities (Treadway, Bossaller, Shelton, & Zald,
2012; Treadway & Zald, 2011). An intense ex-
perience that will elicit strong positive responses
in all individuals may be necessary to break this
vicious circle of low pleasure and motivation, and
to reboot the reward system (Grillo, 2016). A free-
fall experience such as skydiving may be an accept-
able and effective human model to accomplish
this goal (Chatterton, Vogelsong, Lu, & Hudgens,
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shock to the reward system and could potentially
reset the way individuals respond to their environ-
ment. Given the lack of research on this particular
topic, it is hard to predict what the precise mech-
anism is through which a free-fall experience could
increase pleasure and motivation. However, the
hypothesis that such a shock could provide improve-
ments in mood is very similar to the hypothesis
that mood can be improved by means of electrocon-
vulsive therapy (ECT), which is currently still one
of the most effective interventions for treating
severe depressed patients and has been found to
improvemood and anhedonia (American Psychiatric
Association, 2008; Anderson & Fergusson, 2013;
Taylor, 2007).
Research in healthy individuals has shown that
skydiving provokes strong emotions and physio-
logical responses. Even though it is considered to
be safe, falling from a great height evokes a substan-
tial fight-flight response in virtually all individuals
(Hare, Wetherell, & Smith, 2013). Physiologically,
skydiving results in increases in heart rate, blood
pressure, and alpha-amylase and cortisol levels
(Chatterton et al., 1997; Hare et al., 2013; Meyer
et al., 2015). Psychologically, individuals experi-
ence extreme fear before and during the free-fall
experience (Hare et al., 2013), followed by eupho-
ria afterwards (Meyer et al., 2015). This contrast in
emotions can be explained by Solomon’s opponent
process theory of acquired motivation (Solomon,
1980), which states that humans automatically con-
trast extreme emotions, such as fear and euphoria.
In addition to these immediate increases in mood
in human studies, animal research has provided
additional evidence for why a free-fall experience
may boost the reward system (Wang&Tsien, 2011).
Mice who experienced a free fall showed increased
firing of dopamine neurons in the ventral tegmental
area in the brain, which is associated with reward-
related motivation. Altogether, these findings indi-
cate that free-fall experiences could increase positive
affect and motivation, and so set an excellent stage
for implementing lifestyle advice that promote more
persistent positive feelings.
the present study
The first aim of this exploratory study was to
examine whether personalized lifestyle advice,
based on observed patterns of pleasure and lifestyle
factors, can increase pleasure and PA and decrease
depressive symptoms and negative affect (NA) in
anhedonic young adults. Secondly, we explored
the provoking idea that a free fall may foster the
implementation of the lifestyle advice, by testing
whether lifestyle advice combined with a tandemskydive had a more positive effect than lifestyle
advice only. In order to explore whether a free fall
might be effective, we chose to investigate its most
extreme form, i.e., a tandem skydive, to rule out the
possibility that negative findings were due to the
experience being not intense enough. This part of
the study was a proof-of-concept, to explore the
potential effects of skydiving. We investigated both
questions in a sample of 69 anhedonic adults,
who were randomly assigned to a control group
receiving no intervention (N = 22), a group who
received lifestyle advice (N = 22), or a group who
received both lifestyle advice and a tandem sky-
dive (N = 25). As effects at the group level do not
necessarily apply to each individual, we conducted
both group-level and individual-level analyses, to
further explore whether the intervention may be
effective for specific individuals. In contrast to sex
differences in depressive symptoms in general and
depressed mood specifically (Hankin & Abramson,
2001), levels of anhedonia do not differ between
males and females (Bennik, Nederhof, Ormel, &
Oldehinkel, 2014; van Roekel et al., 2015). Previous
research was inconclusive about whether the effects
of personalized feedback showed sex differences
(Kramer et al., 2014). To exclude confounding by
possible sex differences, we selected an equal number
of males and females in each intervention group.
Methods
participants
Participants were selected through an online screen-
ing survey among 2,937 young adults (M age =
21.4 years, SD = 1.9, 78% female) from the
northern part of the Netherlands. Inclusion criteria
were persistent anhedonia and willingness to per-
forma skydive. Persistent anhedoniawas defined as a
pleasure level below the 25th percentile, which was
experienced as lower than normal, and lasted for
at least 2 months. Hence, the criteria involved not
only a low level of pleasure, but also that this low
pleasure level was considered egodystonic and un-
likely to be transient. These criteria were assessed by
means of three items from the Domains of Pleasure
Scale (DOPS); Masselink et al., submitted), which
assess (a) level of pleasure in the past 2 weeks, (b)
whether this level represents a change compared to
what is considered normal for this individual, and (c)
the duration of the loss of pleasure, if any. Exclusion
criteria were inability to keep an electronic diary
three times a day; current professional treatment for
psychiatric problems; use of psychotropicmedication;
epilepsy; pregnancy; conditions that obstruct partic-
ipating in a tandem skydive (i.e., loose prostheses;
height of more than 2 meters; weight of more than
95 kg; inability to raise one’s legs 90 degrees;
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cant visual or hearing impairments); and experience
with skydiving, bungee jumping, or base jumping.We
aimed for 20 participants in each intervention group
(i.e., 60 in total). Because we anticipated some
dropout, we decided to include 4 extra participants
in each group (i.e., 72 in total).
For multilevel modeling, a minimum number of
50 Level 2 cases and 20 Level 1 cases is sufficient
to accurately estimate regression coefficients and
variances (Hox, 2002). As we included over 60
individuals (Level 2) and 180 momentary assess-
ments (Level 1), we considered the power to be
adequate to examine our main research question.
For the repeated monthly measures, we conducted a
post-hoc power analysis in Stata (StataCorp, 2013).
Results showed that we needed 21 individuals
per group (power = 0.8, alpha = 0.05) to detect a
large difference between groups (Cohen’s d = 0.8)
with a correlation of 0.6 between the repeated as-
sessments. Our smallest group consisted of N = 22
participants; hence, it was determined that we had
enough power to detect large differences between
groups.
procedure
Participants were recruited in the northern part of
the Netherlands through flyers, electronic learning
environments, advertisements on social media, and
invitations during lectures and classes. After subscrib-
ing on the study website (www.nofunnoglory.nl),
participants received an email with the link to the
online questionnaire. Participants received a gift
card of 10 euro after completion of the question-
naire.
When participants fulfilled the inclusion and ex-
clusion criteria in the screening survey and indicat-
ed willingness to participate in further research,
they were contacted for the intervention study.
They were sent an information letter and informed
consent form by email. If they agreed to participate,FIGURE 1 Flowchart of tthey had to return the signed informed consent
form by mail or email. When participants did not
reply, they were sent a reminder or contacted by
telephone. Upon receiving the signed informed con-
sent form, participants were invited for an instruc-
tion session with one of our four team members,
which took place at the University Medical Center
Groningen. During this meeting, study staff verified
whether participants met study criteria. All study
procedures, including studymaterials,were explained
to ensure participant comprehension. Furthermore,
an appointment was made for the next meeting
(i.e., intervention session), to be held approximately
1 month later. Please see Figure 1 for a flowchart of
the study procedure.
Participants started with the daily electronic
questionnaires within a few days after the instruc-
tion session (M = 1.97, SD = 2.47, range 0–13),
depending on when the intervention session could
be planned. If scheduling issues dictated that the
intervention session had to be planned more than
a month after the instruction session, the start of the
daily questionnaires was postponed accordingly.
The participants received three questionnaires per
day, with fixed 6-hour intervals (e.g., 9:00 A.M.,
3:00 P.M., 9:00 P.M.). The sampling scheme was
determined in consultation with the participant.
Each of the daily questionnaires was prompted by
a text message containing a link to the online
questionnaire. The questionnaires had to be filled
out within 2 hours after the first notification;
reminders were sent after 60 and 90 minutes.
Completion of the questionnaire took around
3 minutes. Participants continued with the daily
questionnaires for about 3 months in total. The
first month was the baseline phase, which was
used to generate the lifestyle report. Further, data
from the baseline phase were compared with data
from the second month, the intervention phase,
which was used to examine effects of the interven-
tions. Since we wanted to give all participants thehe study procedures.
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ticipant was allowed to choose any intervention
(that is, no intervention, lifestyle advice, lifestyle
advice plus skydive) after the intervention phase.
Because the randomization was compromised after
the second month, only the data assessed before the
free choice intervention were included in the present
study (i.e., first 2 months of data). In general, the
compliance was excellent, with an average percent-
age of missing assessments of only 7.6% (range
0.5%–22.9%).
Intervention allocation was done in four rounds.
We used block randomization for males and
females separately with a block length of 6 blocks.
Hence, the three interventions were equally distrib-
uted after each group of 6 males or females. The
sequence of the interventions in each block was
determined using an online random block generator
(www.randomization.com), and this sequence was
entered in a blinded Excel file. During each round,
the ID numbers of the participants that needed to
be assigned to an intervention were entered in
this Excel file in a random order (i.e., order was
determined based on an online random sequence
generator, www.random.org). Participants received
their intervention allocation through email 1 week
before the intervention. When participants were
assigned to the tandem skydive group, they were
contacted by telephone to make an appointment
for that. If possible, the skydive always took place
in the weekend following the intervention session,
at a nearby airport. During a 1.5-hour individual
meeting with one of the four team members (the
intervention session), we discussed the progress
with the participants as well as if a participant
belonged to one of the two intervention groups, the
lifestyle report and advice (see below for detailed
description of the intervention). During the meeting
at the end of the intervention month, we discussed
the extent to which participants had been able to
follow-up on each lifestyle advice.
In addition to the daily electronic questionnaires,
participants filled out online questionnaires measur-
ing consummatory pleasure and depressive symp-
toms on the day of the instruction session (i.e., start
of the first month), one day before the intervention
session (i.e., end of the first month), and at the end of
the intervention month (i.e., end of second month).
As participants already knew which intervention
they would receive at the secondmonthly assessment
and during the final week of momentary assessments
before the intervention session, these assessments
were not included in the final analyses.
Participants received a compensation of 75 euros
after completion of the first month, 125 euros after
the second month, and 250 euros after completionof the third month, providing that they filled out the
monthly questionnaires, provided blood samples
(i.e., this study was part of a larger study for which
blood samples were included; see Van Roekel et al.,
2016, for the complete study protocol), and com-
pleted more than 80% of the momentary assess-
ments. The present study is registered in the Dutch
Clinical Trial Register (NTR5498) andwas approved
by the Medical Ethical Committee from the Univer-
sity Medical Center Groningen (no. 2014/508).
measures
Experience Sampling Method (ESM) Measures
Used in the Lifestyle Reports
The ESM items used in the lifestyle reports were
based on previous ESM studies (e.g., van der Krieke
et al., 2015; van Roekel et al., 2015). The descrip-
tion of all ESM questions that were used to create
a personalized lifestyle report for each individual
can be found in Appendix A.
Pleasure
We used one item to measure pleasure: “I experi-
enced pleasure since the last assessment.” Partici-
pants were asked to rate the extent to which this
statement was applicable by moving a slider along
a continuum (i.e., Visual Analogue Scale; VAS)
anchored with the words not at all on the left and
very much on the right. The location of the slider
was converted into a score between 0 and 100.
Positive Affect (PA)
PA was measured with 10 items, namely, feeling
interested, joyful, determined, calm, lively, enthusi-
astic, relaxed, cheerful, satisfied, and energetic.
These items were rated on a similar VAS scale as
described for pleasure (ranging from 0-100). The
PA score was calculated by averaging the 10 item
scores. Cronbach’s alpha was .94 (calculated over
all assessments).
Negative Affect (NA)
NA was measured with 8 items: upset, gloomy,
sluggish, anxious, bored, irritated, nervous, and
listless, rated on a similar VAS scale (ranging from
0–100) as used for pleasure and PA. NA was calcu-
lated by averaging the 8 item scores. Cronbach’s
alpha was .86 (calculated over all assessments).
Consummatory Pleasure
Consummatory pleasure was measured in the
monthly questionnaires with the DOPS. This scale
consists of 21 items, which represent different
domains of pleasure experiences: perceptual plea-
sures (8 items, e.g., I enjoy a good meal, I enjoy
pleasant smells), social pleasures (5 items, e.g., I
enjoy having close friendships, I enjoy doing things
with other people), sexual pleasures (3 items, e.g., I
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sure of personal achievements (5 items, e.g., I
enjoy getting better at something, I enjoy winning
in games or sports). Participants rated on a VAS
scale ranging from not at all to very much (0–100)
how much they enjoyed the described experiences.
In order to give each domain equal weight in the
overall pleasure score, we first calculated mean
scores for each domain, and subsequently averaged
these means to create an overall consummatory
pleasure score. The consummatory scale of the
DOPS showed good convergent validity (Masselink
et al., submitted). For the pre- and post-intervention
assessments, respectively, Cronbach’s alphas were
.87 and .89 for perceptual pleasures, .89 and
.89 for social pleasures, .85 and .91 for sexual
pleasures, and .81 and .84 for pleasure of personal
achievement.
Depressive Symptoms
We measured depressive symptoms with the 9-item
Patient Health Questionnaire (PHQ-9; Kroenke,
Spitzer, & Williams, 2001). Participants rated the
extent to which they experienced 9 different symp-
toms in the past 2 weeks on a scale ranging from not
at all to almost every day. Sample items are “feeling
down, depressed or hopeless,” “feeling tired or
having little energy.” As one of the items over-
lapped with the pleasure scale (i.e., “little interest or
pleasure in doing things”), we excluded this item
from the scale and created a sum score based on
8 items. The PHQ-9 has obtained good construct
and criterion validity in previous research (Kroenke
et al., 2001). Cronbach’s alpha was .83 for the
pre-intervention assessment and .80 for the post-
intervention assessment.
Psychiatric Problems
We measured the prevalence of other psychiat-
ric problems with the Adult Self-Report (ASR;
Achenbach & Rescorla, 2001), which consists
of 123 items that are rated on a 3-point scale
ranging from not at all to clearly/often. We used
the DSM-IV-based scales for depressive problems
(14 items; Cronbach’s alpha = .77), anxiety problems
(7 items; Cronbach’s alpha = .76), avoidant person-
ality problems (7 items; Cronbach’s alpha = .68),
ADHD problems (13 items; Cronbach’s alpha =
.78), and antisocial problems (20 items; Cronbach’s
alpha = .67).
Advice Adherence
The information about advice adherence provided
by participants in an interview at the end of the
intervention phase was coded into an advice
adherence variable, with 0 representing not at all,
1 representing to some extent, and 2 representing to
a large extent.interventions
Lifestyle Advice
The lifestyle advice was based on the first 30 days
of ESM measurements (i.e., baseline phase; 90
assessments in total). Participants received a life-
style report, which consisted of four main parts:
(1) descriptive information, (2) comparison with
norm groups, (3) personal networks, and (4) the
advice. The specifics of the variables used in the
lifestyle report can be found in Table A1. All
variables were used to construct personal networks,
whichwere based onAutoregressivemoving average
(ARMA) analyses and automated Vector Autore-
gressive modeling (VAR; Brandt & Williams, 2007;
Autovar: Emerencia et al., 2015). Pleasure, social
context, and activities were additionally used for
descriptive purposes, and part of the activities and
substance use were used for comparisons with norm
groups. See Appendix B for a detailed description of
the procedure of the lifestyle advice, the conducted
analyses, and the content of the lifestyle report.
Based on the data collected during the baseline
phase, potential advice was formulated. Because
the personal networks provided information about
statistically significant associations between plea-
sure and lifestyle factors, advice based on these
networks were preferred. If no, or an insufficient
number of, significant results were found, further
advice were based on (a) infrequent lifestyle factors
that could not be tested in the analyses, but were
experienced as pleasurable according to the de-
scriptive information, or (b) lifestyle factors with
a frequency that deviated from the norm group.
During the intervention session, the information in
the lifestyle reports was explained to and discussed
with the participants and they received a paper
version of the report to take home, without the
lifestyle advice. We checked whether the partici-
pants recognized themselves in the presented results
and asked them to reflect on the results. Finally, we
discussed the potential lifestyle advice with the
participant, and decided together with the partici-
pants which recommendations were feasible and
which were not. For the final advice, we came to an
agreement with participants as to how often and
when they were going to perform the suggested
activities. Each participant received advice about
two or three lifestyle factors. After the intervention
session, the concept advice was reformulated when
needed and final versions were sent to participants
through email.
In total, 39 recommendations concerned social
activities (e.g., plan more social activities with
friends or family), 19 physical activity, 13 physical
activity in combination with spending time outside,
20 worrying (e.g., mindfulness exercises), 5 going
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television, Internet, or social media, and 2 soft
drugs (e.g., cannabis).
Tandem Skydive
The tandem skydive took place at the certified
skydive center, “Eelde-Hoogeveen,” the weekend
following the intervention session. In case of bad
weather (i.e., rain or hard wind), the skydive was
rescheduled, if possible in the same weekend or
1 week later. The average number of days between
the intervention session and the skydive was 5.5
(SD = 5.5, range 1–27 days). After arrival at the
skydive center and around 15 minutes before the
skydive, the participants received instructions from
the skydive instructors. Participants exited a small
turbine-powered aircraft (i.e., Cessna 207), at a
height of 10,000 feet, safely attached to the tandem
skydive instructor. The free fall lasted for around
30 to 40 seconds, the total skydive around
5 minutes.
analyses
A randomization check was performed by com-
paring the intervention groups with regard to
educational level (chi-square tests), age, and pre-
intervention levels of pleasure and depression
(ANOVAs). To examine the effects on the momen-
tarily assessed outcomes (i.e., pleasure, PA, and
NA), we used multilevel analyses in Mplus version
7.4 (Muthén & Muthén, 1998). As we had at least
30 days of data (i.e., 90 assessments) before the
intervention (i.e., baseline phase) and at least 30
days of data after the intervention (i.e., intervention
phase), we used interrupted time series analyses
(ITSA) to explore intervention effects (Huitema &
Mckean, 2000). In ITSA, it is possible to explore
changes in outcomes between the baseline phase
and the intervention phase. Further, an important
advantage of ITSA is that it is possible to explore
whether changes in the outcome variables are due
to trends that were already present in the baseline
phase. In the first step, we examined whether the
level of pleasure differed between the baseline and
intervention phase. We examined the difference in
mean level between both phases (i.e., level change)
by adding a dummy variable for the phase to the
model (i.e., baseline phase versus intervention phase)
as a random effect. We modeled the interaction
between group (0 for control group, 1 for both in-
tervention groups) and phase to investigate whether
the mean scores of the intervention groups had
changed more than those of the control group after
the intervention.
In the next step, we checked whether this change
was gradual or abrupt and whether change wasalready present in the baseline phase by including
time trends in the model, following recommenda-
tions by Huitema and McKean (2000). By esti-
mating both the linear change in the baseline phase
(i.e., slope), the change in this slope in the interven-
tion phase (i.e., slope change), and the interaction
between these time trends and group, we examined
whether participants differed in the extent to which
they gradually changed in their affect levels and
whether this gradual change was already present
in the baseline phase. Please note that the estimate
for level change in this model no longer represents
the change in mean level after the intervention,
but the change in mean affect immediately after
the intervention was provided. These analyses were
repeated for PA and NA. We first compared the
control group with both intervention groups, and
subsequently examined differences between the life-
style advice only group and the tandem skydive
group. If significant group differences were found
(i.e., significant cross-level interactions), we calcu-
lated the proportion of variance in the coefficient
for level change that was explained by the cross-
level interaction following guidelines by Aguinis,
Gottfredson, and Culpepper (2013).
In case of significant between-individual differ-
ences in level estimates (i.e., significant random
variance in the coefficient for the level change), we
further examined individual differences in level
change by fitting ITSA models for each individual
and each outcome variable separately. We used the
same design specifications as above (Huitema &
McKean, 2000). The individual time-series analyses
were controlled for autocorrelation by fitting Auto
Regressive Moving Average (ARMA) models to
the residuals (Hartmann et al., 1980). Dummy
variables for time of day (i.e., afternoon and
evening) were included in each model to adjust
for daily cycles. When the model fit was acceptable,
we added the dummy variable for level change as
a predictor in the model. The estimates for this
predictor in the final models were saved. Part of
these analyses (i.e., 25%) were repeated by another
team member to check consistency of the model-
building process. In order to visualize the individual
level change estimates, we created forest plots for
each outcome variable separately. To compare
whether individual characteristics (i.e., gender,
severity of pleasure loss, duration of pleasure loss,
advice adherence) were associated with the extent to
which individuals improved, we conducted regres-
sion analyses or ANOVA (i.e., advice adherence)
with the standardized level change estimates as out-
come variables.
We further examined the effectiveness of the inter-
vention by conducting repeated measures ANOVAs
83personalized lifestyle advice and tandem skydives to reduce anhedoniaon the pre- and post-intervention assessments of
pleasure and depressive symptoms. This was done in
two steps: first we checked whether the two groups
that received lifestyle advice differed from the control
group. Second, we further compared the tandem
skydive group with the lifestyle advice only group.
Effect sizes were calculated for all analyses.
For the momentary data, we calculated Cohen’s
d following the formula as suggested by Cohen
(1988), dividing the mean group difference by the
pooled pre-intervention SD. For the mean differ-
ence between groups, we included the estimated
difference in level effects between the control group
and the intervention groups. To calculate the pre-
intervention pooled SD, we first calculated meanFIGURE 2 Flowchart of the particip
whether the group who was not willin
differed from the group who was willi
yes or maybe), and found no signifi
groups on the severity of anhedonia
of consummatory pleasure (t = -0.84, p
(t = 0.30, p = .77).levels of the outcome measure (pleasure, PA, and
NA, respectively) in the pre-intervention month per
individual. Subsequently, we calculated the SD over
these within-person mean levels in both interven-
tion groups. In this way, the pooled SD reflects the
between-person variation in the outcome measures.
For the monthly assessments, we used the formula
as suggested by Morris (2008), using the pooled
pre-intervention SD.
Results
participant flow
In total, 71 participants started with the momentary
assessments (see Figure 2 for a flowchart). Two
participants dropped out from the study: one dueant enrollment. 1 We checked
g to perform a skydive (N = 25)
ng to perform a skydive (answer
cant differences between these
(t = 1.30, p = .13), the level
= .40) or depressive symptoms
84 van roekel e t al .to problems with mobile data subscription and
another because she stopped filling out the momen-
tary assessments. One participant did not partake in
the skydive due to the possibility of panic attacks
related to skydiving. She only received the lifestyle
advice but was maintained in the tandem skydive
group in the analyses, in line with the intention-
to-treat principle. Finally, one person from the
lifestyle advice only group was removed from the
momentary data analyses as she reported that she
had changed her interpretation of the questions
with regard to pleasure and PA after the interven-
tion session, which thwarted comparison of data
from the baseline and intervention phase. This
resulted in a final sample of 69 participants for
inclusion in the monthly data analyses and 68
participants (22 no intervention, 21 lifestyle advice,
25 lifestyle advice plus tandem skydive) in the
momentary data analyses. The number of assess-
ments in the baseline phase ranged between 60
and 135 (M = 84.5, SD = 12.9), the number
of assessments in the intervention phase ranged
between 69 and 165 assessments (M = 107.7,
SD = 15.8).
descriptive statistics
Because we were interested in how knowledge
about intervention allocation affected participants
in the different intervention groups, we conducted
additional analyses in which we compared the first
3 weeks of momentary assessments with the final
week before the intervention session, and the secondTable 1
Descriptive Statistics for the Three Intervention Groups
No intervention
(N = 22)
Females (%) 81.8
Age (M [SD]) 21.4 (2.0)
Current education (%)
Intermediate vocational education 0.0
Higher secondary education 4.6
Higher vocational education 45.5
University 50.0
None 0.0
Ethnicity (%)
Caucasian 95.5
Latin-American 4.6
Mixed African American/Caucasian 0.0
Asian 0.0
Consummatory pleasure pre-intervention 58.84 (12.75)
Consummatory pleasure post-intervention 56.49 (14.72)
Depressive symptoms pre-intervention 7.91 (3.62)
Depressive symptoms post-intervention 6.86 (4.06)
Note. a The highest levels of education attained for the three participan
intermediate vocational education, and lower secondary education.monthly assessment with the first monthly assess-
ment. Paired samples t-tests showed that aggregated
levels of pleasure, PA, andNA did not differ between
the first 3 weeks and the final week of the baseline
period in the no intervention group and in the
tandem skydive group (p N .05). For the lifestyle
advice group, mean levels of PA, t (21) = -3.30, p =
.003, were significantly higher and mean levels of
NA, t (21) = 3.72, p = .001, significantly lower in
the final week, compared to the first 3 weeks. For
the monthly assessments, paired samples t-tests indi-
cated that levels of consummatory pleasure and
depressive symptoms did not differ between the pre-
intervention assessment and the assessment before
the intervention session in any of the intervention
groups (p N .05).
Descriptive statistics for each intervention group
are presented in Table 1. As educational level may
affect the extent to which different activities are
enjoyed (e.g., intellectual activities), we checked
whether educational levels were equally distributed
over the three intervention groups, which was the
case, χ² (6) = 5.65, p = .46. Further, no significant
differences were found in age, F (2) = .58, p = .56,
baseline scores of pleasure, F (2) = .12, p = .88, or
depressive symptoms, F (2) = .27, p = .76, between
the three intervention groups. The majority of the
participants experienced at least mild depressive
symptoms as measured by the PHQ-9 (minimal
symptoms:N = 6; mild symptoms:N = 28; moderate
symptoms: N = 19; moderately severe symptoms:
N = 11; severe symptoms:N = 5), indicating that weLifestyle advice
(N = 22)
Lifestyle advice and skydive
(N = 25)
77.3 80.0
21.3 (2.0) 21.9 (2.0)
0.0 4.0
0.0 0.0
36.4 24.0
63.6 60.0
0.0 12.0 a
90.9 96.0
0.0 0.0
4.6 4.0
4.6 0.0
60.42 (9.62) 59.72 (9.12)
61.41 (9.70) 58.08 (11.92)
8.55 (4.23) 7.76 (3.62)
5.73 (3.27) 6.52 (3.99)
ts who currently did not follow education were applied university,
Table 2
Differences in Estimates of Level and Slope Changes in Pleasure, PA, and NA, Between Control and Intervention Groups
Only level estimate Complete model
No Intervention
(N = 22)
Intervention
(N = 46)
No Intervention
(N = 22)
Intervention
(N = 46)
Pleasure intercept 53.65 (2.29) 53.57 (1.26) 56.43 (2.19) 54.12 (1.18)
Pleasure level estimate -1.82 (1.34)* 2.58 (1.09)* 1.27 (2.18) 4.83 (1.45)
Pleasure slope baseline phase -0.07 (0.03) -0.01 (0.02)
Pleasure slope change 0.06 (0.03) -0.02 (0.02)
PA intercept 53.65 (2.21) 53.10 (1.25) 53.10 (2.12) 50.45 (1.22)
PA level estimate -0.03 (1.01)*** 4.75 (0.92)*** -0.42 (1.90) 2.94 (1.00)
PA slope baseline phase 0.02 (0.03) 0.06 (0.02)
PA slope change -0.02 (0.03) -0.08 (0.02)
NA intercept 23.15 (1.76) 24.53 (1.30) 25.68 (1.99) 28.27 (1.53)
NA level estimate -2.47 (1.18) -4.68 (0.77) -0.20 (1.45) -1.28 (0.69)
NA slope baseline phase -0.06 (0.03) -0.09 (0.02)
NA slope change 0.07 (0.03) 0.10 (0.03)
Note. PA = Positive Affect, NA = Negative Affect.
* p b .05, ** p b .01, *** p b .001. Please note that the reported significance levels indicate whether the difference between groups (i.e., the
interaction) was significant. To calculate the slope in the intervention phase, the coefficients for the slope in the baseline phase and the slope
change should be summed.
1 For one participant in the tandem skydive group, the skydive
was delayed for more than 2 weeks (i.e., 27 days). Although we
extended the intervention period for this individual so that we had
enough assessments after the skydive, this delay could have affected
the results. Therefore, we checked whether exclusion of this
participant affected our findings. No relevant differences were
found for any of the analyses.
85personalized lifestyle advice and tandem skydives to reduce anhedoniaselected a group that experienced significant depres-
sive symptoms in addition to anhedonia.With regard
to the prevalence of other psychiatric problems,
7.2% fall in to the clinical range for anxiety
problems, 18.8% fall into the clinical range for
avoidant personality, and 11.6% into the clinical
range for ADHD (see Appendix C).
group level analyses momentary
data
The results of the group-level analyses of pleasure,
PA, and NA can be found in Table 2. In the first
models that included only the differences in level
between the baseline phase and intervention phase,
a significant interaction was found between group
and phase for pleasure and PA. The intervention
group showed an increase in pleasure and PA after
the intervention session, whereas the control group
showed no differences in affect level between the
two phases. This finding indicates that, on average,
participants in the intervention groups experienced
higher pleasure and PA in the intervention phase
compared to the baseline phase, whereas those in
the control group did not. The proportion of ran-
dom effect variance accounted for by the interac-
tion between phase and group was .09 for pleasure
and .14 for PA, showing that respectively 9% and
14% of the variance in the level change estimate
for pleasure and PA can be explained by group
differences. For NA, no significant differences be-
tween the groups were found, both the control
group and the intervention groups significantlydecreased in NA in the intervention phase. Effect
sizes (i.e., Cohen’s d) were 0.45 for pleasure, 0.49
for PA, and 0.25 for NA.
In the full model we added the time trends for the
baseline and intervention phases to check whether
the level change was due to a trend that already
started in the baseline phase. As can be seen in
Table 2, there were some significant trends in the
baseline and intervention phases, but these trends
did not differ between groups, indicating that the
differences in level estimates between groups were
not due to group differences in trends in the baseline
phase.
Next, we analyzed differences between the life-
style advice group and the tandem skydive group
(see Table 3). Significant differences were found
between the groups, but in an opposite direction
than expected. The advice only group increased
more in PA and decreased more in NA in the inter-
vention phase than the skydive group. No signifi-
cant differences were found in the full model. These
findings indicate that the tandem skydive did not
have an additional effect above the effects of the
lifestyle advice.1
Table 3
Differences in Estimates of Level and Slope Changes in PA, Pleasure, and NA, Between Both Intervention Groups
Only level estimate Complete model
Lifestyle advice
(N = 22)
Lifestyle advice and skydive
(N = 24)
Lifestyle advice
(N = 22)
Lifestyle advice and skydive
(N = 24)
Pleasure intercept 53.81 (1.49) 54.18 (1.89) 53.95 (1.66) 52.72 (1.81)
Pleasure level estimate 3.90 (1.71) 0.12 (1.33) 4.05 (2.19) 0.76 (1.63)
Pleasure slope baseline phase -0.01 (0.03) 0.03 (0.02)
Pleasure slope change 0.01 (0.03) -0.08 (0.04)
PA intercept 52.84 (1.92) 53.93 (1.62) 49.79 (1.62) 50.70 (1.82)
PA level estimate 6.35 (1.17)* 2.61 (1.32)* 2.42 (1.30) 1.46 (1.38)
PA slope baseline phase 0.07 (0.02) 0.07 (0.02)
PA slope change -0.05 (0.02) -0.11 (.04)
NA intercept 25.73 (1.96) 22.85 (1.67) 29.19 (2.18) 27.56 (2.09)
NA level estimate -5.90 (1.11)* -2.90 (0.93)* -1.35 (0.93) 0.19 (0.76)
NA slope baseline phase -0.08 (0.03) -0.10 (0.02)
NA slope change 0.06 (0.03) 0.14 (0.04)
Note. PA = Positive Affect, NA = Negative Affect.
* p b .05, ** p b .01, *** p b .001. Please note that the reported significance levels indicate whether the difference between groups (i.e., the
interaction) was significant. To calculate the slope in the intervention phase, the coefficients for the slope in the baseline phase and the slope
change should be summed.
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momentary data
Significant residual random effect variance in the
level change estimates was present and, hence,
individual models were examined. As can be seen in
the forest plots (Figures 3, 4, and 5), the majority of
participants showed higher mean levels of pleasure
and PA and lower mean levels of NA in the
intervention phase, compared to the baseline phase,
although substantial heterogeneity in the effect sizes
were observed and also negative effects were
observed, especially in the tandem skydive group.
Further, very few differences in level estimates were
apparent between the lifestyle advice group and the
tandem skydive group.
Next, we examined whether sex, severity of
anhedonia, duration of anhedonia, and advice
adherence were associated with the extent to
which individuals improved. Sex was significantly
associated with the level change estimates in PA
(β = -.32, p b .05), in that females showed a lower
increase in the level of PA during the intervention
phase than males. No associations were found
between sex and the level change estimates for
pleasure (β = -.25, p = .10) or NA (β = .14, p = .35).
Severity of anhedonia at baseline (β = .03, p = .84
for PA; β = .07, p = .67 for pleasure; β = -.08, p =
.60 for NA), duration of anhedonia at baseline (β =
-.08, p = .59 for PA; β = -.17, p = .27 for pleasure;
β = .05, p = .74 for NA), and depressive symptoms
at baseline (β = -.10, p = .35 for PA; β = -.16, p = .10
for pleasure; β = -.06, p = .41 for NA) were not
associated with the level change estimates. Adviceadherence was also not related to the level change
estimates, F (2) = .72, p = .49 for PA; F (2) = .01,
p = .99 for pleasure; F (2) = .63, p = .54 for NA.
group level analyses monthly data
Levels of consummatory pleasure and depressive
symptoms for each intervention group at pre- and
post-intervention are depicted in Figure 6. A
marginally significant group (control versus inter-
vention) by time (pre- and post-intervention) inter-
action was found for consummatory pleasure,
F (2) = 3.38, p = .07, indicating that the intervention
group increased more in pleasure than the control
group. No significant interaction was found for
depressive symptoms, F (2) = 0.48, p = .49. Effect
sizes (Cohen’s d) were 0.48 for consummatory
pleasure and 0.19 for depressive symptoms. Fur-
ther, for the advice group versus the tandem sky-
dive group, no significant interaction was found
for pleasure, F (2) = 0.32, p = .57 (see Figure 6A).
For depressive symptoms, a marginally significant
group by time interaction was found, F (2) = 3.85,
p = .06, in that the lifestyle advice group decreased
more in depressive symptoms from pre- to post-
intervention than the skydive group (see Figure 6B).
Discussion
The main aim of this exploratory study was to
examine whether personalized lifestyle advice and
tandem skydiving could reduce anhedonia in young
adults. Although the small sample size warrants
prudence, we showed that the lifestyle advice can
increase pleasure and PA in young adults with
FIGURE 3 Forest plot of unstandardized level estimates for pleasure. Numbers on the y-axis represent the different
individuals (N = 46).
87personalized lifestyle advice and tandem skydives to reduce anhedoniapersistent anhedonia. Despite previous literature
suggesting that a free-fall may reboot the reward
system and could therewith provide additional
benefits, we found no evidence of such an additional
effect of the tandem skydive over and above the
lifestyle advice.
Our findings indicate that providing anhedonic
young adults with lifestyle advice can increase plea-
sure and PA. However, the effects were not found
for all outcome variables and were small to mod-
erate in size, which may be due to two reasons.
First, the implementation of the lifestyle advice may
take some time to really sink in and become partof an individual’s repertoire of behaviors. The only
other study providing personalized feedback on PA
in depressed patients showed that the differences
between groups became significant after 8 weeks
(i.e., 2 weeks after the last feedback session; Kramer
et al., 2014) and no significant differences between
groups were present during the intervention period
(Hartmann et al., 2015). In the present study, we
were not able to examine these longer-term effects
as our groups were no longer randomized after the
intervention phase due to the free-choice interven-
tion. This is a limitation, as we do not know how
long the differences between groups in momentary
FIGURE 4 Forest plot of unstandardized level estimates for PA. Numbers on the y-axis represent the different individuals
(N = 46).
88 van roekel e t al .pleasure and PA lasted. Second, participants
received their advice in the beginning of the inter-
vention phase and did not receive any reminders or
triggers. Using these extra reminders could have
increased advice adherence. Third, the forest plots
show that there is great heterogeneity in the inter-
vention effects, which dilutes the average group-
level effects. This heterogeneity may be explained
by individual characteristics, but could also be
due to differences in the type of advice provided
(e.g., social activity versus physical activity). These
findings highlight the need to further explore
whether individual characteristics and the type ofadvice could explain the effectiveness of the lifestyle
advice.
In the present study, we provided explicit advice
on which behaviors participants could change
and expected that this would be more effective
than only showing participants in which situations
they experienced PA, as was done by Kramer and
colleagues (Hartmann et al., 2015; Kramer et al.,
2014). The results from our study indicate that
concrete advice may indeed be more effective, as we
found immediate increases in momentary pleasure
and PA, whereas no effects were found on PA in
the study in which only feedback was provided
FIGURE 5 Forest plot of unstandardized level estimates for NA. Numbers on the y-axis represent the different individuals
(N = 46).
FIGURE 6 Comparison between the three intervention groups in monthly assessments of consummatory pleasure
as measured by the DOPS (6A) and depressive symptoms as measured by the PHQ-9 (6B).
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90 van roekel e t al .(Hartmann et al., 2015). A further explanation for
the stronger effects in our study is that our advice
was, if possible, based on statistically significant
associations with pleasure, whereas the Kramer
et al. study only presented descriptive feedback. As
our report was based on more robust findings, it
may have had a greater impact.
In our analyses, we excluded themeasures between
the intervention allocation and the intervention
session, because participants already knew which
intervention they would receive during this period.
For momentary levels of PA and NA, we showed
that participants in the lifestyle advice only group
slightly improved after being informed about the
intervention allocation. This indicates that the
knowledge that participants would receive help for
their problems in the nearby future already improved
their PA and NA levels. Interestingly, this was not
the case for the tandem skydive group. A possible
explanation is that the prospect of a tandem skydive
evoked stress and anxiety in some individuals, which
counterbalanced any positive effects.
Our findings are conclusive in showing that thrill
experiences like a tandem skydive should not be
suggested as a possible treatment for anhedonia, as
the skydive did not provide the hypothesized
motivational boost to kickstart the implementation
of the lifestyle advice. Possibly, a tandem skydive
is only effective in increasing immediate pleasure
and motivation, as was found in previous studies
(Meyer et al., 2015; Wang & Tsien, 2011), and
does not have a persistent effect. Our lack of effects
may indicate that a skydive is not effective in de-
creasing anhedonia. Although we hypothesized that
participating in a single skydive could provide a
motivational boost to individuals, the effects may
have been short-lasting and we cannot exclude the
possibility that multiple skydiving experiences are
needed to achieve long-lasting effects.
However, previous cross-sectional research has
revealed an association between regular skydiving
experience and high levels of anhedonia (Franken
et al., 2006), which could indicate that repeated
exposure to skydiving leads to increased levels of
anhedonia and hence should be avoided. It may also
be that individuals who experience anhedonia tend to
seek out repeated high-risk activities in order to obtain
the“natural high” associatedwith these activities. The
cross-sectional nature of this study prevents state-
ments about the direction of the effects. Further
longitudinal research is needed to explore the direction
of effects between skydiving and anhedonia.
It may also be possible that a skydive is effective
only for some individuals, as the individual-level
analyses suggest. Anecdotal evidence from partici-
pants suggests that the skydive may have increasedself-esteem and reduced anxiety in some individ-
uals. For example, one of the participants reported
that “Whenever I had to do something frightening,
I was able to put this into perspective. Because I
have done something so extremely scary, every-
thing else seems less frightening.” Hence, although
a skydive may not be effective in rebooting the
reward system and increasing pleasure in general,
it might be beneficial for individuals with low self-
esteem by boosting their self-confidence. The effec-
tiveness may also depend on how individuals ap-
praised the skydive afterwards, as it did seem to
have an effect on the participant described above,
whoovercame her own fears. Further research should
include questionnaires measuring the appraisal of the
event and could even use qualitative interview data
to explore how the skydive may affect individuals.
The findings from the present study may have
clinical implications. Although our effect sizes were
small to moderate, it is difficult to interpret these
effects in terms of clinical relevance, given that there
are no clinical cutoffs with regard to momentary
levels of pleasure and PA. Hence, more research is
needed in clinical samples in order to explore the
clinical relevance of these findings. Pending further
research in clinical samples, our intervention could
be easily implemented in general health care. For
example, providing patients who are on a waiting
list to receive treatment with feedback on daily life
patterns of mood and behavior during the waiting
time could already decrease their symptoms and
set the stage for further improvement during the
“actual” treatment. As recent research shows that
automated feedback based on momentary assess-
ments is already possible (Emerencia et al., 2015;
van der Krieke et al., 2015), such an intervention
will not require a lot of time and effort from clini-
cians. The information derived from the momen-
tary assessments and personalized feedback could
provide a valuable starting point for treatment, as it
enables tailor-made treatment for each individual.
Hence, the most important advantages of person-
alized feedback are that it is cost-effective, easily
accessible, and can be used in addition to existing
treatments. It may also be beneficial for patients
who do not respond to standard treatments, as
the personalized feedback may reveal new potential
targets for behavioral change. In addition, auto-
mated feedback based on momentary assessments
can be used for different kinds of mental health
problems, as the variables of interest for the feed-
back can be adapted. It is important to note that
this automated feedback should include a directive
component, that is, concrete suggestions on which
factors individuals can change, as we showed that
this is more effective than only offering feedback
91personalized lifestyle advice and tandem skydives to reduce anhedoniawithout concrete suggestions (Kramer et al., 2014).
Our intervention may not be applicable to all
individuals with anhedonia. For example, excessive
focusing on increasing PA and pleasure might
induce mania in individuals at risk for bipolar
disorder. Further research is needed in various
clinical populations to carefully examine the effects
of personalized lifestyle advice.
Finally, we showed that the extent to which
individuals improved was highly variable. Surpris-
ingly, variation in improvement was not related to
the severity and duration of anhedonia, nor to advice
adherence. Although we expected that the extent
to which participants followed up on our advice
would lead to stronger increases in PA and pleasure,
possibly, our broad measure of advice adherence
could explain the large variations found. That is,
some participants may not have been very adherent
in general, but still have followed up on the most
effective advice. Further, we only relied on partici-
pants’ own report of their advice adherence; which
may have been socially desirable. Further examina-
tion of the actual change in behavior is needed to
elucidate these effects (Snippe et al., 2015).
strengths and limitations
The present study had several strengths. It is, to our
knowledge, the very first to use momentary data to
provide personalized lifestyle advice and evaluate
their effects. Because of our unique design consist-
ing of a baseline phase and an intervention phase
and the high number of momentary assessments in
each phase (i.e., more than 90 per phase), we were
able to examine within-person effects at the group-
level and at the individual level. Compliance was
excellent, as the average number of completed as-
sessments was 92.4%. Potential explanations for
these high compliance rates in comparison to other
momentary assessment studies with a long duration
(Trull et al., 2008) could be that (a) participants
knew that they would receive feedback based on
their momentary assessments, which may have en-
hanced motivation, and (b) participants were in-
structed that they would only receive the monetary
compensation if they filled out at least 80% of the
momentary assessments. Our high compliance rate
shows that it is feasible to conduct a long-term diary
study among anhedonic young adults.
Despite these strengths, several limitations need
to be acknowledged. First, although we increased
our power by including on average 190 momentary
assessments per individual, the number of partici-
pants per intervention group was relatively low.
This might explain why several of the differences
tested did not reach statistical significance, partic-
ularly for the monthly collected data. Second, weonly selected participants who were willing to
conduct a tandem skydive, which may have led to
a biased sample. However, this bias, if any, is
probably limited, because only 25 (9.3%) of the
eligible individuals were excluded because they
were not willing to participate in a tandem skydive.
Further, we showed that this group did not differ
from the group that was willing to perform a sky-
dive in severity of anhedonia, the level of con-
summatory anhedonia, and depressive symptoms.
Third, the majority of our sample was female.
Please note that this was due to a high number of
females in the survey study, and not due to higher
prevalence of anhedonia in females. The small
number of males implied that we had little power to
test sex differences at the group level. Our findings
at the individual level suggest that males benefit
more from lifestyle advice than females, but further
research in larger samples is needed to replicate
these findings. Fourth, one-third of our sample only
experienced minimal to mild depressive symptoms;
therefore, the generalizability of our findings to
individuals with depressive symptoms is limited.
However, we showed that the level of depressive
symptoms did not affect improvement, which
indicates that the lifestyle advice was effective for
individuals with different levels of depressive
symptoms. Fifth, we cannot exclude the possibility
that differences between the control group and the
intervention groups are due to the placebo effect
of receiving an active intervention. Future research
should include a more active control group to
examine this alternative explanation. Finally, as
mentioned earlier, we were not able to examine
long-term effects of the interventions, because we
included the free-choice intervention immediately
after the intervention period. Further research is
needed to explore whether lifestyle advice has a
long-term effect on pleasure and PA in anhedonic
young adults.
conclusions
This study indicates that providing anhedonic young
adults with personalized lifestyle advicemay increase
pleasure and PA. In addition, we showed that it
is feasible to collect diary data in anhedonic young
adults for a fairly long time without much loss of
information. These findings are relevant for clinical
practice, as they suggest that it is both promising
and feasible to develop momentary interventions
that can be implemented as additions to treatment
as usual or while patients are on waiting lists for
treatment.
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92 van roekel e t al .Appendix A. Description of Measurement of Model VariablesVariables Item Answer categoriesPleasure I have experienced pleasure since the last assessment VAS 0-100 (not at all – very much)
Social context Since the last assessment, I was (multiple answers possible): alone; with partner; with family; with friends; with
classmates; with acquaintances; with strangers.
Activities I have participated in the following activities since the last
assessment (multiple answers possible):
watching TV; listening to music; studying; reading
a book or magazine; shopping; using the internet;
gaming; work; having sex; household chores;
sports; going to a bar or club; going out for dinner;
going to the movies, theatre, museum or concert;
sleeping; using social media; hobbies; other,
namely….Substance use I have used the following substances since the last
assessment:nothing; caffeine; nicotine; medication; alcohol;
cannabis; stimulants; sedatives; other drugsStress How busy have I been since the last assessment too busy; pleasantly busy; neutral; pleasantly
quiet; too quietTime alone [When alone has been checked:] Time spend alone: VAS scale (very little - very much)
Social interaction How much have I been talking to other people? VAS 0-100 (not at all – very much)
Physical activity I have been physically active since the last assessment VAS 0-100 (not at all – very much)
Time outside I have been outside since the last assessment VAS 0-100 (not at all – very much)
Worrying I have been worrying VAS 0-100 (not at all – very much)
Sweet and savory
snacksHow many sweet snacks (e.g., cookies, sweets) did I eat?
How many savory snacks (e.g., French fries, potato chips)
did I eat?VAS 0-100 (nothing – a lot)Physical
discomfortI have experienced physical discomfort since the last
assessments (head ache, diarrhea, heavy legs, etc.)VAS 0-100 (not at all – very much)Appendix B. Details of the Lifestyle Report
The descriptive information of the lifestyle report
included pie charts representing the number of
assessments spent in different social contexts and
the number of activities (see Fig. B1 for an example);
a line graph delineating the level of pleasure during
the 90 assessments (e.g., Fig. B2); two charts
showing the level of pleasure experienced in different
social contexts and during different activities (e.g.,
Fig. B3); and scatter plots depicting the association
between continuous lifestyle factors that were not
included in the personal networks and pleasure. For
the comparison with norm groups, a bar chart was
presented with two bars for each of the variables
reported in Table A1 (e.g., Fig. B4). The norm data
were based on the data from the screening survey
among 2,937 young adults, which were used to
create mean norm scores for males and females
separately.
The personal networks were based on two differ-
ent approaches, because combining categorical and
continuous predictors in a single time-series analysis
is problematic and not all time-series models can
handle large numbers of predictors. For the associ-
ation between categorical predictors and pleasure
(see Table A1), we used Auto Regressive MovingAverage (ARMA)models (Brandt&Williams, 2007).
By fitting ARMAmodels to the residuals, we adjusted
for autocorrelation in the time series. In all models,
we first tested whether we needed to correct for time
trends (i.e., linear and quadratic), day of the week,
special events (positive or negative), or menstruation
for females. The Ljung-Box test was used to explore
whether the residuals represented “white noise.” If
this was not the case, we checked whether residual
autocorrelation was present by using (partial) auto-
correlation functions (ACFs and PACFs) and added
ARMA parameters to the regression model until the
Ljung-Box test became nonsignificant. Series that
showed heteroscedasticity were stabilized by using the
natural log of the scores. The finalmodel selectionwas
based on the Bayesian Information Criterion (BIC)
and the Ljung-Box test. When the final model was
determined, all categorical predictors were tested in
separate models, and significant associations were
presented in text in the lifestyle report. Models were
implemented using the SPSS22 Forecasting module.
The significance level was set to 0.05.
To examine potential reciprocal and time-lagged
associations between pleasure and the continuous
variables (see Table A1), we used Vector Autoregres-
sive modeling (VAR) (Brandt&Williams, 2007). This
93personalized lifestyle advice and tandem skydives to reduce anhedoniaprocedure was automated by using Autovar, an open
source R package that automatically fits and eval-
uates VAR models (Emerencia et al., 2015). We
allowed for a maximum of six variables in each
network. Variables were selected based on sufficient
variability (i.e., Mean Squared Successive Difference
N50; MSSD), and reasonably low skewness (i.e.,
zskewness b 4). If more than six variables met the
criteria, the best distributed variables were chosen
(i.e., the least skewed variables of variables with
the highest MSSD). If less than six variables met the
criteria, only those variables were included in the
model. Pleasure was always included, providing that
variability and skewness met the criteria mentioned
above. We estimated VARmodels with one time lag.
This yields estimates of the cross-lagged as well as the
simultaneous associations between variables. Trend
variables (i.e., linear and quadratic time trend) were
included in case of non-stationarity. Dummy vari-
ables for time of day (i.e., afternoon, evening) were
always included. Models with dummy variables for
day of the week and with log-transformed variables
were tested. From the models that met the assump-
tions of stability, homoscedasticity and normality,
Autovar chose the best fitting model based on the
BIC (i.e., Bayesian Information Criterion). Network
plots for simultaneous (i.e., contemporaneous asso-
ciations) and dynamic (i.e., lag 1 associations)models
were created using Data-Driven Documents-3 Java-
Script library (http://d3js.org) (see Figs. B5 and B6
for examples of simultaneous and dynamic network
plots). All analyses were checked by another team
member to avoid mistakes.
FIGURE B1 Pie chart for number of assessments in different types
of company.FIGURE B2 Line graph depicting level of pleasure during baseline
phase.
FIGURE B3 Activities ranked by level of pleasure.
Note. Larger circles indicate higher frequency of the activity, smaller
circles lower frequency.
FIGURE B4 Frequency of participants’ activities compared to norm
group.
FIGURE B5 Personal network for simultaneous associations.
94 van roekel e t al .FIGURE B6 Personal network for dynamic associations (i.e., lag 1).
Appendix C. Additional Descriptive Statistics
for the Three Intervention Groups
Using the Adult Self-Report questionnaire (ASR;
Achenbach & Rescorla, 2001) that was assessed in
the screening survey, we calculated cut-off scores for
the DSM-based problem scales Depressive problems,
Anxiety problems, Avoidant Personality problems,
ADHD problems, antisocial personality problems,
and total problems. Based on these cut-offs, partici-
pant scores were classified as non-clinical, sub-clinical
or clinical. Results can be found in Table C1, for each
intervention group separately.
Table C1
Descriptive Statistics for the Three Intervention Groups.No
intervention
(N = 22)Lifestyle
advice
(N = 22)Lifestyle advice
and tandem
skydive
(N = 25)Depressive problems
Non-clinical 11 (50%) 10 (45.5%) 12 (48%)
Sub-clinical 6 (27.3%) 6 (27.3%) 8 (32.0%)
Clinical 5 (22.7%) 6 (27.3%) 5 (20.0%)Anxiety problems
Non-clinical 18 (81.8%) 17 (77.3%) 21 (84.0%)
Sub-clinical 1 (4.5%) 3 (13.6%) 4 (16.0%
Clinical 3 (13.6%) 2 (9.1%) 0 (0%)Avoidant personality problems
Non-clinical 17 (77.3%) 14 (63.6%) 20 (80.0%)
Sub-clinical 2 (9.1%) 2 (9.1%) 1 (4.0%)
Clinical 3 (13.6%) 6 (27.3%) 4 (16.0%)ADHD problems
Non-clinical 17 (77.3%) 18 (81.8%) 19 (76.0%)
Sub-clinical 2 (9.1%) 2 (9.1%) 3 (12.0%)
Clinical 3 (13.6%) 2 (9.1%) 3 (12.0%)Antisocial personality problems
Non-clinical 19 (86.4%) 21 (95.5%) 23 (92.0%)
Sub-clinical 3 (13.6%) 1 (4.5%) 1 (4.0%)
Clinical 0 (0%) 0 (0%) 1 (4.0%)Table C1 (continued)No
intervention
(N = 22)Lifestyle
advice
(N = 22)Lifestyle advice
and tandem
skydive
(N = 25)Total problems
Non-clinical 13 (59.1%) 10 (45.5%) 12 (49%)
Sub-clinical 4 (18.2%) 7 (31.8%) 11 (44.0%)
Clinical 5 (22.7%) 5 (22.7%) 2 (8%)Depressive symptoms (PHQ-9)
Minimal 3 (13.6%) 4 (19.0%) 4 (16.0%)
Mild 11 (50%) 6 (28.6%) 10 (40%)
Moderate 5 (22.7%) 8 (38.1%) 7 (28.0%)
Mod e r a t e l y
severe3 (13.6%) 3 (14.3%) 4 (16.0%)Severe 0 (0%) 1 (4.5%) 0 (0%)References
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